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Summaiy 

7hM molecular majfcpi^aDoy fait rccomy of recmrciii parent genotype iA bad ccross 
prograins i% nydiapnted. Resirbtbn Fragmtnt Lftngth Polymorphismi (RFLP's) were used 
in maljze to iatrogrcn by back£ros» a truugftnc comtruet. comaloltig pKosphinothricin 
itsisiAttce «ixf ifisutlclda] proiciq gtnes, from a vaiafgirxnDd pareai itUo an sliw (nbreJ line. 
AC csMih eeiui^tion jiJancs cariylAg the (ramgene construct were selected bued on their 
piiasphiiwthricii) m\sm\ca, and fuithtr characierlzed wlifa RPLP*s. Both maximum 
ttcawy of rccuiTCiit parvR« ^noQrpe and minimoDi iinkage driifi wem token into accoum 
for raarter-hawd .seteciinn. Effibryo rescne was used to shorten Bcncntioa tune. Progiess 
m^ds reouiTei^ patent eeiUHypp was ipcctaeular. Uveis of recmreLOt pamx gftdotypc 
lecofveiy which would iwnnaHy be observed, in the absence of selection, In the BC^ 
^eocradoa were c^ESiined ai the BCj ^coeiaiicn, about on& year aRer BC| seeds had been 
planifid. Besides tha evidence already provided by RFLP's^ pheno^f ic evaluatbn of the 
boekcroas-dcnvod ncflr-teocenie Uoea will con^itide an additioral cheek of die corapZetmcss 
of dia conversion. 

Introduction 

B ykcrosstog has been a cormnon breoding pract ice f or as lon ei aa diu g enBPlmn has 
been availflb!e. It Jus mainly been used to iairosrets single Mcndeliae tralis. such as disease 
reaisiancei ot quality factors^ into elite geraiplaim (AUard 1960; HaJlaoer and Miranda 
1981). Ooe of die niofil attractive attributes of baelccrossin^ ts tbnt it allows to perrorm 
targeted modineatioDs withogt disrupting die extsTing ovendl genetic halatica cf the 
cMumot pafent 

However, pcoductbn of fiilly converted near isoeenie lino throvgh classical 
beekerassing precedoies b a lengthy prooedum. ^ at all possible. Theoretical ty. a tninimuoi 
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of ttven cUastcal hMktr<iss genBnuiwv are required t» recow mart than W5« of TOnirrfint 
parCDt e^^c. amminj no llnkite drae. Tbc Aiiractrrene^ of classkaJ ba<;iccr(ie($ 
proceiJures is ihcreftw suhstutoily dJmliiUM crept, sodi ai luizfi (Zm ™v:r L.). 
^ere the turiMiver of diifc cdtivan ii very ftit In addition, full recovciy of njcwitm 
parent genotype b usuaUy not acfaieved jhrowgh cla&iica) bacfawowmg, which nwy revolt in 
4ekteriofl« agrcmoraie effects. Muirjy er a/. (1985) reported Jitwut 9055 raauTftfit piran* 
gcnotypt rccQ\'(sry ui rvo BCj^rBquivateAC oonv^rsioiu (A6MHt swl A«2Rp) of the num 
line A632. The <»>Dv^kizo had rmiised respectively 4 and 7 doner fntsmcnts la addii i»n to 
tlie one carrying the gejie of iotere^u 

K0dii£tiort 171 the ninnber of bacSccrosi gcocr&ttons needed to obtaio fully convened 
iodiriduafs has been abown theoretically* or ftom siratilaikw. id be achievable ihrbti^ the 
US& of mbicwJar autei (TinkilBy ^ J98p^ Hospital d (ti, 1992; Jarboc at ai. \ 
Bccauscs they provide iborwigh cbafKiCf izaiton of dtt generic Yailahiltty at each bstkcruss 
gcncratio/i. ntafkcn allovr to lake fall ^a,ntago of (hi* vviabOiiy by applying the hi|rhe$t 
po&xihle seiecilob ituensUy. 

EfTiEicncy oP imuter-asslsted bvdccroMing was Inveifisated (farousJi an experiment 
aimed at InnoKTwing a «ingle genedo factor (a iraiugenc comtrttct) from a dow into a 
recipient maize line. 

matsriats and methods 
Plant Material 

A hemizygMB iransgenJe nuite line of Laacancr origin tnu used ai donor parent to 
Introftreu tn iraiv^etie eonstruet, ttuoueb repeated badceronli^ Imp a noipieot pareni 
from d« Siirr Stalk ©frmplasm group. Both panenty ace propiicoiy elite lines. The 
tnuugciic coostnia canies both a pbasphioodxridn rcsinaoce gene at)d synthetic gcnc» 
encoding the emorootoxlc ftagmear of the CiyTA(b) Bccilius t/iurtngi'wU protein (KoTitel a 
oL 1993). IVansformatiDn was achieved Uvo^eli microprtdcctiJe bombardinent OCqzIcI ef 
al. 1993) and rcsulled in a suiglc ioscrtion (fit locus), on chromosome 1 (FigurB 1). 

Baekcross prof ocol 

The Fl progeny of the croos between the doaor aM [be recipient vns sereeocd fQi the 
prese/u» of tl» (ramccfle conamiot by appiybg Basia, a phosphinotlriciD^biucd herbicide, 
OKO each pJont, Rcsiataint indhnduali ^ircre then used to genaaie BCi progeny. 

For eflcb bdckcroft genervlon, ernpt the BC4, inc^vidiiali were planted in multlpeu 
aod sprayed with Basia to elinibate thox which did not cairy the trusgcDe coi^stnxt To 
avoid the «tzcu resulting fiom ireaxxnent with Ba^ta, BC4 plants carry ing the i/ans^enc 
coAsomci were ideritified using Soudm blots pjobed with ihe pa/ and gema. Resuiani 
plants were traiupbiidDd in an qien-sofl gitenhousc and leaf-eampted ft>r molecular msirkcr 



analyses. Results of inarJeer sq. 
(lowering. A single plant was 
rescued and transfeaed onio 
embryos fint underwent a grei 
eultuns taedhin. Oefm beias 
average^ four inonths. 

Molecular nmrkcr analyo- 

I^tridioo Fragoiem 
gcooiypca in aJ] fovr gencre 
chemilummctc^t techniques. 1 
were chosen from ainoog those : 
provided coverage uf the entiif 
contained two loci tightly tudcec 
recombination units away (Flgii 
BC^^i generaiS^ oomprlxd bo 
or tightly linked ones, and addi 
selected BC, plant was hctero%] 
independent lefierenco popubUii 

Selection procedure 
Ai eaeh generttioa plaius 
rccurrent-parem-gHnoiype and • 
aiDcoQpt tv integrate both crite. 
missing values weio noi iDcludv 
cQBiributed to (be seladkm prv 
be» ranking one of those for ^ 
for the BCj selection) was avnll 

ResuKs and discussion 

Selection for the gene u 

The observed segregatioc 

Slgnincantly different (P<0.05: 

Recurront parent genot) 
Statistics for the genocyi 
performed taking the whole p 
backciOtts-derivfid plant thercl 
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iccover mart than 99% of rccurrem 
tnctivcoesi of clas^icai backcross 
Dpi, luch as jnalze (Zea mays U), 
idditlOJS. ftiU rocovoy <5f r«urr«it 
1 bidccfwiiie. whtch may mult in 
iwrted about 90% rccuneni pftreoi 
A$32KC 2od A632RP) of the mabe 
7 tfottor rrsemwUs ui aildition io 

needed m ohuiti fuUy converted 
uioAS, CO be achievable tbrough cbe 
cf fl/. 1992? Jarboc et aL 1994), 
^ic wiabUity it each (>ackcro9» 
varlflbill^ by app^ing the bieheat 

ivesiigated thipggh on expttimcnt 
coostfucO from R dooor into a 



WM tisdd u drxiar parcm m 
^kEn»s]flg» inco a rteipient pareat 
are proprie&iry dice finea. The 
tiitSOOG and syctfactic gene» 
tat ifaiTiKgidilii pratAin (Kozki ef 
w^eaOft bocnbardm^at (Koziet er 
dttAmosome I (Figure 1), 

Idle recipieat wai fict^ecnod for dia 
pN)apliij»tbrk:iQ-bued beiticide. 

[ividuib were piancfid \q multlpou 
caity die uaflsgcoc cgnsinxt. To 
K^i plants curyiDe ibe tmuBcrvo 
(b the ^ aod ^ ^exieS . ReftiiQnt 
«if-sampbd for moiecalnr imrker 



47 



smiys^. Reiults of quilxr aoalpcs were made avillable at die laicir cwo ^eda aAcr 
Hbvverieis. A ciogle plant wu siected, of which all baekcrou-4^ived embtyos were 
rtsetied and transfentd onco ttssoe culton medhim. Plandea chai developed from these 
embryos fini underweat a gncabooie accKoiatioii pfauc^ while »dU grcwmg on tissue 
culture mcdfutt, before bevng; miuphnted into mvltipou. Sackcrou cycle* lA.c(ed, on 
avenge^ four oionlhs. 

Molecular marker analy^ 
Rocricdoa FnjiiicDi Length PotymoiphIsn» (RPLP's) we^e iised co esiablivh 
geooiypcs ia an fcwf geneiadDn, RFLP decectton involved cidio- radigoccivc or 
diemiluraincKxni techniques. For the BCi ceneraUofl. 61 maricer-eniyme combinaJioiw 
were ebOKa frOtti AoiOOfi Ihose revealing polymorphism becwecn donor asd rcciptenL They 
provldod eovcnge of difi cnlire s^oome, deTimog iin«rval6 o( at)out 25 cM in size, and 
contained two loci tigHUy linked tA^tuBi Iocua. CG320 and CG41S. rcapectivcty 5 and 16 
recomblnaiioQ uaitf avvay (Figure 1), For suhscqueiU geueradocB. invl<er» aunaiyzed In ihc 
bCa^ J ccncralioa comprised belli xhoje l"or which the selected 80^ plimi was hcnaiteygous, 
or ti^dy linkol ancs, ajkl addHional ones located in cliroiti050flna) fie^meocs for which the 
elected BCn p\wx heteroseysous (TAbte 1). Marker map poiidocu were obtained from 
independent reference popuhtiou and coojjrmed by iDalyus of segresaiion in the BC^ 
BCflcralkm. 

detection procedure 
At each gcncndon planli ivere ranked bailed both on the p^nznia^ of hcniozy^ctu 
revuTtertt-parent^enocyp* and oa ihe exieat of I'mka^e drag around (he Bt locos, in an 
auiftpx 10 imeenue both eiiterla, fhmts for which two or more adjaceol maiiens had 
missing values were not included in dv analyses, Suocm or failure of die pollinations also 
concriboied to (bo Jdeclion pfocerture. One (Lngls plant aelecied at each generation: the 
best ranking one of dmse far whkh a baclaatjas progeny of t\tc 100 or mre (50 or mow 
for the BC3 sDicctiop} wat avanabfeu 

ResuK9 and dlSGUs&lon 

Selection for the gene of tnterest 

The observed sesrcgaiion nilon for pliosphinoUiricwi rcsistAMCe (Table I) were aot 
sigAlficattdy dtrfefenc (P<a05) firom ihe cxpwtcd 1:1. as showA by Chi-square tests. 

Recurrbrtt parent genotype recovwy 
Sbi^tics for the genotype^ planu hit sumxnahzed in Table I, CalculatiQcis were 
performed taking tie whole gcaomc into account, indudiog the Bt tocit.1. The *pert'cci* 
badaanss-derWed plant iberefofe coiuta one heteroorygoua chromowDic seemenf, thai 
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canipr.*iflg ito Br i^u$. li aJio dupUy^i 99.36% of homozyicoa, recuniim^pnnm^jjeDOtypc 
TTie ranilnlne o.«» corr^oik U» avertge rclaiivt! longiU of ibft chroi^osomc 
«grociu contMlnii)g ihc* Jocu*. which dqMods OA the two fUiddn^ marfarn cbORen. 

The pcrcenme of hofDoay^ous «cufrBiiK-i^cji|.8^itoiypc of the BC, gi^tienicjon 
vw sli^y loM^r UlAn die expected 50*. Thb be cx^Hatd by linkage drag around Ihc 
Bt locui, fiivcn iftat ttil^ pcrccnta^ computed based onJy oil pEuiu jclecicd for 
hctitrozyBOsity at the flf locus. For all pther badccross eenccnibns tbe mean pcmnta^ of 
hdmocyeoitt rocurrcnt-pareni-gtootypc Mr mwb higher than What woold have l>ccrt 
observed, ihouJd pg reiecUop havc bceji donft (Figuic 2). 

The percftniago uf homozygouj recurrenr-paflfent-geiioiypc of the sekctcd piaitf 
(Table I) aj^ ihc average of the Five Ivgen values CTabte i) were always wy supilv to 
one artoihrr, and mudi superior to ifte population me&a vaJu» (Fitufc 2). The pcr«niase of 
homoxyjqM re«ujTCflt-p«nt-eeiioixpc of the selected pUni was found only o#icc, in the 
BC^ ficowttlion, CD be smalJcr thin ihc avci^t of ^^^^ frvc brgcrt va|u«. This concspoiuted 
a> the oQiy (imc when die ^iuXcd plant was oot the ooe with the makjimioi pEr^tt^ of 
homoxygous rfteurrat^p^cqi-gsBcrtype. placi |ia4 been selected because It dhsplayed a 
favorabJe recoiDbiitatioJi on one side of the iif iocus (Figure 1). 

The pcrceouge cr bomozygou* Tecvrrcat-parent-gcnotype of (he delected BC| plant 
ivat aJmost cquflJ to that of »q umdectfid DCj. ibat of die selected BCj WW larger than that 
of an gmelKtKi BC3. LK* of the seiselid BC3 -^-as fc^-^ry ^fnalfef inaii aat of an vtsciccted 
BC^p and ihat of the sekcted BC4 w^ equal to ihii of Uic 'perfecl' backcrois^crived 
plam. given the sac of oaricen that wa^ «ed. Such rwc* of frorreM parent genotype 
recovery arc consistent with results of sioiulatJon ^malyses. /arlMe if 4I. (1994) who used 
the mabs gdnontc ak a loodel reponed that three beekcms ^ciKratlons aod 80 markers 
were oeedea to recover 995 of reowreiH parent genotype. 

NunAber of donor cliromosome segments 
The Aiimber of iKteroz^^oos chromosomaJ scgmeoi^ decreased from onti backcrosa 
generation to the titKt, Plana selected at cadi generainn wei^ not necessarily those which 
harf the loweti iittmbcr of heterozygous chn^moM^mal segmems fl^blc 1). However, wlm 
the set of marlcera used, &C3 and flCd pJanta were recovered which conuuied only one 
beteroeygouschrotnotonn) segineni; that oomprlslos ihe Bt locos. 

Linkage cfrag 

Linlc^e dng a/ound the Bt locui wa.< cslimated, relative co the length of chromosome 
1, lu value WM found to lie bcov«eu 24.0 and 48.4% for die sheeted BC, iodividtial. 
b*t*cco 17.6 and 34.8% for the soleca^d BC^, between 2.0 aiid 24.0% for the selected 
BC3, and between 0,0 and 8.4 % (fMpettivuly 0.0 and cM) fcr the selecwd BC4. 



Tbe two VHhies givoe for each gt 
correspond to extreme positioiu o 
nanViog the tran^geoc conatnct locu 
BCf is. JiXely CO be less thaa 1.3% 
ispptir to be some^^ high, reflea 
dng. It is much lower than what \ 
(Slam und Zeveii 1981; Tankllcy er 
of tomato GultrvHrs obtained by a It 
Tanksl^ (1989) found (hat tbe sizes 
cM. 

Conclusion 

These results clearly demgnstr 
qiiidiiy advantages over classical | 
iKrouEh bAeki70S<(ing. Only four ha 
than a year and a half (rm pla/H 
genoiypically fully qonvened. Hev< 
genotype eould proceed even Astei 
appnipriaic protocol vni rcsovtocs 
eiiocatcd. 

t^mpaiijoo of BC4-(lerivBd I 
markers aind agronomic perfprmanc 
order to oonftrm the cofflpleieneas v. 
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I Rbthv koffh of the ch/miiosomfi 
e (wo flanking martoa difwep. 

Qfc-cesocypo of tfu BCi gcnentioa 
B exp[ainfid by linkage drag around the 
bu6d oaJy on plants selected for 
I gcnemtiODS tha meaji percentage of 
[ZilfillCr dUA Wbftt wnuld hive beca 

Iricsiotfpt of [he (elected piant 
In^lo 0 were ilways very sitnilu- 
J viUio GPIgDre 2), The percen&ee of 
I plmfA fouDd only once, m the 
I five Itixgesi valucj. This corrcspofKkrd 
toot witii ihc nuixEiBum fiemniagu of 
I beea xlcetfid bccauK U clispJaybd a 
iture 1). 

t-{cnoi>pc of the selectee/ BCi 
f ±B laleeted fiC^ wa^ larger Uian that 
9 snuAer than th»t sf an UTisshttsd 
■ the ■pcffctn" iMdu^ross-derived 
I ntc$ of reciirrcQi parenc genotype 
Jartjce tff a/; 0994) who used 
ras generaaoni aod mark-era 

I dficraacd frooi one backcioss 
I wcrt not ncccA^anly thoic which 
J wjmenw (Table l>. Hchwcvcr, with 
|nc4jvered which eoacained only ote 

I rcteilve lo the leugth of cnromosome 
jlft roc (be selected BC| ii>dividuaJ, 
Im 2.0 and 24.0^ for the selected 
1 14.5 cM) for die seifecced BC4. 



The two vnltt£s given for each gciKration are cxEreme values of linlcaeB dra^, which 
oormpODd cxtrcAie posiiiDja of the crgssing^^vers in the vvkcr-dcflncd iuiexvalj 
flanking die tranagene oonstniet locu». Hmtfw^ Ute true linluige drag value of the ulcered 
6C^ n Jikeijr to be IcSft chao 1.3% of die genome. AlthAagb this xnaximure value may 
appear to ha scmevhat bi^h, mdtahg the llaited selecdoa pressure poc here on linkage 
dra^, it is much lower Chan what wovld be ccpcctcd tVnm cbsskaj hacfccrcss pragruni 
(StBoi aiul Zavm 1981; Tknkiley r; ol. 1 989). Pracikally, in a study of Tm-2 conversions 
nf tonolo cuttivBf9 Obtained a taige iiutDber of clais!cal backcross cycles. Vouivg end 
T^Iey <I9S9) fouiid that Ibe size« e/the intfogressed fii^mcnU nnged beiwccn 4 and SI 
cM. 

Conclusion 

ThEic results clearly dcmoortraie ihai roolcculflr markers provide important rime and 
<pialil/ advantagw over ctaa^jcal proeedwca for the ptpduciion of ne:u-iiO£cntc lines 
through backcrassing. Only four badkcross geaeratioM wtre necessvy to recover^ in less 
tlian ^ year and a half ftw pliuitfa« of i2ie BC|^. ind'ividtuOs which appeared to be 
gcnocypically fully oonvcrtetL NevftnbcJtts, it w likely ihai recoMcrr of reconcot pareM 
genotype conld prxTceed cvtti ftstor ihan h\ Uie experimcnL described hcrcifl, shouid d)e 
Appropriate pmpcoi «nd resource (population sizftp. eumbcr and posioon of marKers) be 
^Hasted. 

Comparisoo of BC^-^mf^ lines with lb£ recunvnt pareiK for boTh {DOrphologiraJ 
mftfters aod a^ronomio perfamwicc (includini hybrid pcrforironce) wiU be performed in 
order to confina die complcicnc&a of tvc convfT8ion» 
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